Introduction
Brain tumors are a significant source of cancer-related morbidity and mortality in infants and children. This age group is diagnosed with unique groups of cancers and requires separate reporting in order to accurately portray the state of brain tumors in these populations.
The Central Brain Tumor Registry of the United States (CBTRUS) is the largest population-based registry of primary brain and central nervous system (CNS) tumors in the United States (US), and covers 99. Incidence counts and rates of primary malignant and nonmalignant brain and CNS tumors are documented by histology, gender, age, race, and Hispanic ethnicity. Mortality and relative survival rates for selected malignant histologies calculated using SEER data for the period 1995-2011 are also presented.
Background
CBTRUS is currently the only population-based site-specific registry in the US that works in partnership with a public cancer surveillance organization, the CDC's NPCR, and from which data are directly received under a special agreement. This agreement permits transfer of data through the National Program of Central Registries Cancer Surveillance System (NPCR-CSS) Submission Specifications mechanism. CBTRUS researchers combine the NPCR data with data from the SEER program 1 of the NCI, which was established for national cancer surveillance in the early 1970s. All data from NPCR and SEER originate from tumor registrars who adhere to the Uniform Data Standards (UDS) for malignant and non-malignant brain and CNS tumors as directed by the North American Association of Cancer Registries (NAACCR) (http://www.naaccr.org). Along with the UDS, there are quality control checks and a system for rating each central registry to further insure that these data are reported as accurately and completely as possible. As a surveillance partner, CBTRUS can, therefore, report high quality data on brain and CNS tumors with histological specificity useful to the communities it serves. Its database represents the largest aggregation of populationbased data on the incidence of primary brain and CNS tumors in the US.
Technical Notes

Data Collection
CBTRUS contains incidence data from 51 independent central cancer registries (46 NPCR and 5 SEER registries) representing 99.8% of the US population for the time period examined in this report (for 1 of 51 registries, data were available only from 2007 -2010).
2 Please see The CBTRUS Statistical Report: Primary and Central Nervous System Tumors Diagnosed in the United States in 2007 -2011 for additional information about the way that these data are obtained and processed.
CDC Wide-ranging Online Data for Epidemiologic Research (WON-DER), for the purpose of comparison with brain and CNS tumor incidence rates. This database includes both NPCR and SEER data and represents nearly 100% of the US population.
Survival data for malignant brain and CNS tumors were obtained from 18 SEER registries for the years 1995 to 2011. This dataset spanning 16 years provides population-based information for approximately 26% of the US population, 4 and is a subset of the data used for the incidence calculations presented in this report. Survival information derived from active patient follow-up is not available in the data that CBTRUS receives from NPCR registries, so the SEER data are used for the generation of these Tables.
Mortality data used in this report are from the National Center for Health Statistics (NCHS) and include deaths where primary brain or CNS tumor was listed as cause of death on the death certificate for all 50 states and the District of Columbia. Population data for each geographic region were obtained from the SEER program website 5 for the purpose of rate calculation.
Data Reporting -Definitions
It should be noted that other surveillance organizations and researchers may report brain tumors differently from CBTRUS. The definition of brain and CNS tumors used by SEER, NPCR, and NAACCR in their published incidence and mortality statistics includes tumors located in the following sites with their ICD-O-3 site codes in parentheses: brain, meninges, and other central nervous system tumors (C70.0 -9, C71.0 -9, and C72.0 -9), but excludes lymphoma and leukemia histologies (9590 -9989) from all brain and CNS sites. CBTRUS reports data on all tumor morphologies located within the Consensus Conference site definition including lymphoma and other hematopoietic histologies (9590 -9989), and olfactory tumors of the nasal cavity [C30.0 (9522 -9523)]. 2, 6 Additionally, CBTRUS reports data on all brain and CNS tumors irrespective of behavior, whereas many reporting organizations may only publish rates for malignant brain and CNS tumors.
The CBTRUS Histology Grouping Scheme used in the CBTRUS Statistical Report: Primary Brain and Central Nervous System Tumors Diagnosed in the United States in 2007 -2011 2 provides the basis for the definition for Gliomas and Embryonal Tumors used throughout this Report. These histologies were re-organized to be more reflective of the clinical organization of brain tumors that are specific to infancy and childhood. The gliomas are further categorized as low grade and high grade gliomas to further enhance their clinical relevance. Specific histologies and corresponding ICD-O-3 codes according to these refined categories can be found in Tables 2a and 2b .
Many other organizations and researchers that report childhood brain tumor statistics do so using the International Classification for Childhood Cancer (ICCC) grouping system 7 for pediatric cancers (Please see the CBTRUS website for additional information on this classification scheme: http://www.cbtrus. org). Frequencies and incidence of childhood brain tumors in the United States using the ICCC are presented in the CBTRUS Statistical Report: Primary Brain and Central Nervous System Tumors Diagnosed in the United States in 2007-2011. 2 
Methods
Counts, means, rates, ratios, proportions, and other relevant statistics were calculated using R 3.1.1 statistical software 8 and/or SEER*Stat 8.1.5. 9 Statistics are suppressed when counts are fewer than 16 within a cell. However, the data in the suppressed cells are included in the counts and rates for the totals. Note that reported percentages may not add up to 100% due to rounding.
Age-adjusted incidence rates and 95% confidence intervals 10 for malignant and non-malignant tumors and for selected histology groupings by gender, race, Hispanic ethnicity, infant and pediatric age groups were estimated. Age-adjustment was based on one-year age groupings and standardized to the 2000 US standard population. Combined populations for the regions included in this report are shown in Appendix A and Appendix B.
CBTRUS presents statistics on specific brain and CNS tumor patterns in age groups ,1, 1-4, 5-9, and 10-14 years. Race categories in this report are all races, white, black, American Indian/ Alaskan Native (AIAN), and Asian/Pacific Islander (API). Other race, unspecified, and unknown race are included in statistics that are not race-specific. Hispanic ethnicity was defined using the NAACCR Hispanic Identification Algorithm, version 2, data element, which utilizes a combination of cancer registry data fields (Spanish/ Hispanic Origin data element, birthplace, race, and surnames) to directly and indirectly classify cases as Hispanic or non-Hispanic.
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The NAACCR regional scheme (http://faststats.naaccr.org/usregions. php) was used for statistics reported by region of the US. Age-adjusted mortality rates for deaths resulting from all malignant brain and CNS tumors were calculated using the mortality data available in the CDC WONDER Online Database provided by NCHS. 12 The SEER cause of death recode 13 was used to categorize all mortality data used in this report. In addition to total age-adjusted rate for the US, age-adjusted rates are presented by gender and state. SEER*Stat 8.1.5 statistical software was used to estimate one-, two-, three-, four-, five-, and ten-year relative survival rates for primary malignant brain tumor cases diagnosed between 1995 -2011 in eighteen SEER areas. 9, 14 This software utilizes life-table (actuarial) methods to compute survival estimates and accounts for current follow-up.
Survival analysis was conducted using multiple-year cohorts, which include all persons diagnosed during the time period specified for the survival calculation. 15 Second or later primary tumors, cases diagnosed at autopsy, cases in which race or sex is coded as other or unknown, and cases known to be alive but for whom follow-up time could not be calculated, were excluded from the SEER survival data analyses ( 1% of total cases of malignant primary brain tumor in children under 15 in the SEER database from 1973-2011). Survival was not calculated for nonmalignant tumors as collection of these cases has only been mandated since 2004, and therefore, not enough time has elapsed to accurately calculate relative survival. Please note that survival statistics are reported for pilocytic astrocytoma, which has traditionally been included as a malignant tumor for cancer registration purposes although this tumor is clinically considered to be non-malignant. This decision has been influenced by the importance of location in the CNS to the morbidity and mortality caused by brain and CNS tumors.
Total deaths by specific histology group were calculated using data on primary malignant brain tumor cases diagnosed between 1995 -2011 in eighteen SEER areas. 9, 14 Using only persons that died due to disease, we used month of diagnosis, year of diagnosis, survival months, and age of diagnosis to calculate approximate month and year of death and approximate age at death.
Five-year conditional survival estimates were calculated for brain tumor cases diagnosed between 1995 -2011 in eighteen SEER areas using SEER*Stat 8.1.5 statistical software. 9, 14 Conditional survival is an estimate of the probability that a patient will survive for a specific time period given that they have already survived a certain number of years. For example, 5-year conditional survival for a child who has lived two years since their diagnosis with pilocytic astrocytoma is 98.5%, which means that 98.5% of children 0 -14 years who have already survived two years will eventually survive five years.
Results
Cancer is a significant source of morbidity and mortality for infants and children ages 0-14 years in the US. The overall average annual age-adjusted incidence rate for children 0-14 years between 2007 and 2011 was 5.26 per 100,000 population (16,044 total tumors). Approximately 1 in 2,000 children born from 2009-2011 will be diagnosed with a primary malignant brain or CNS tumor by the time they are 14 years. 16 These tumors continue to be the most common solid tumor in infants and children 0-14 years.
In children ages 1-4 and 5 -14 years cancer is the 4 th and 2 nd most common causes of death, respectively (Figure 1a ). Brain and CNS tumors are the most common cause of cancer death in children 0 -14 years in the United States (Figure 1b) . 
Comparison to Other Common Childhood Cancers
Average annual age-adjusted incidence rates for primary brain and CNS tumors, leukemias, and lymphoma in the United States are presented by age in Figures 2a (age , 1 year) , 2b (ages 1 -4 years), 2c (ages 5 -9 years), and 2d (ages 10 -14 years). Brain and CNS tumors were the most common cancer in children ,1, and 5 -14. For those aged 1 -4 years, leukemias were the most commonly occurring cancer though brain and CNS tumors were still the most commonly occurring solid tumor across all age groups 0 -14 years.
Overall Incidence by Age Group and Year of Diagnosis
Incidence of brain and CNS tumors was highest in infants (,1 year old), who had an overall incidence rate of 6.22 per 100,000 (1,255 tumors), followed by children ages 1 -4 years who had an incidence rate of 5.53 per 100,000 (4,592 tumors). Children ages 5 -14 years had an age-adjusted incidence of 5.00 per 100,000 (5 -9: 5,021 tumors; 10 -14: 5,176 tumors) ( Figure 3 ). Incidence of brain and CNS tumors was stable over the time period examined (Figure 4 ).
Incidence by Region of the United States, And Age Group
Incidence of brain and CNS tumors varied by region of the United States ( Figure 5 
Distribution by Site and Age Group
The distribution of brain and CNS tumors by site is shown in Figure 6 , and the distribution of tumors by site in each age Table 3 . † The most common site was the cerebellum (18.7%), followed by the frontal, temporal, parietal, and occipital lobes (15.7%). † The most common site in infants (,1 year old) was other brain (24.7%), followed by ventricle (16.1%). Other brain is a designation used in cancer registry data when the location of a tumor is not identified in a patient's record, or when a tumor involves multiple locations in the brain (Please see Table 1 for more information about the specific sites included in these groups). † The most common site in children 1 -4 years was the cerebellum (22.1%), followed by other brain (16.1%) and brain stem (14.4%). † In children 5 -9, cerebellum was also the most common site (21.4%), followed by brain stem (15.6%), and frontal, temporal, parietal, and occipital lobes (14.5%) † In children 10 -14, the most common site of disease was the frontal, temporal, parietal and occipital lobes (20.7%).
Distribution and Incidence by Histologic Group and Age Group
The distribution of brain and CNS tumors by histologic group is shown in Figure 8 , and the distribution of tumors by histologic group in each age group is shown in Figures 9a-9d. Frequencies for each age group are presented in Tables 4 and 5 . † The most common histologic group in all ages was glioma (52.9%), of which the majority were pilocytic astrocytoma (33.2%) and other low grade gliomas (27.1%). † In infants (,1 year old), gliomas (37.2%) and embryonal tumors (24.9%) were the most commonly occurring tumor type. Of embryonal tumors, 42.9% were atypical teratoid/rhabdoid tumors. † In children 1 -4 years, gliomas (58.1%) and embryonal tumors (20.2%) were the most common tumor type. † Gliomas (56.5%) and embryonal tumors (14.8%) were also the most common histologic groups in children 5 -9 years. Medulloblastoma represented 80.4% of all embryonal tumors in this age group. † In children 10 -14 years, gliomas (48.6%), tumors of the pituitary (8.9%), and embryonal tumors (8.3%) were the most commonly occurring histologic types.
Incidence by Gender
Overall, approximately 52.8% of all tumors occurred in males (8,479 total tumors) and 47.2% occurred in females (7,565 total tumors). Counts and incidence rates by histologic groups and gender are presented in Table 4 . † Most histologies were more common in males, or equivocal between genders. † Embryonal tumors, especially medulloblastoma, were more common in males. Age-adjusted incidence of embryonal tumors was 0.91 per 100,000 in males, as compared to 0.65 per 100,000 in females. Incidence by Race and Ethnicity Counts and incidence rates by histologic groups and race are presented in Table 6 . † Incidence of brain and CNS tumors was highest in Whites and Asian/Pacific islanders (API). Overall age-adjusted incidence in these groups was 5.46 per 100,000, and 6.05 per 100,000, respectively. † Gliomas and embryonal tumors were most common in white children, with age-adjusted incidence rates of 2.92 per 100,000 and 0.84 per 100,000, respectively. † Germ cell tumors and tumors of the cranial and spinal nerves were most common in API children, with age-adjusted incidence rates of 0.52 per 100,000 and 0.39 per 100,000, respectively.
Counts and incidence rates by histologic groups and ethnicity are presented in Table 7 . † Incidence of brain and CNS tumors was highest in non-Hispanic children, with an overall age-adjusted incidence of 5.53 per 100,000 as compared to 4.36 per 100,000 in Hispanic children. † Specific histologies that occurred more frequently in nonHispanic children included: pilocytic astrocytomas, other low grade gliomas, tumors of the pineal region, medulloblastoma, and tumors of cranial and spinal nerves. Other histologies occurred at similar rates within both groups.
Incidence by Age Groups
Overall incidence and incidence of specific histologies varied by age at diagnosis. Counts and incidence rates by histologic groups and age are presented in Table 5 and Figure 10 . † Incidence of embryonal tumors, choroid plexus tumors, and germ cell tumors were highest in infants. Among the embryonal tumors, ATRT occurred notably more frequently in infants. † Incidence of choroid plexus tumors drops significantly from children ,0 to children 0 -4 years. † Gliomas were most common in children ages 1 -4, though children ages 5 -9 had the highest incidence of high grade gliomas. † Incidence of high grade glioma peaked in this age group. † Pilocytic astrocytomas were most common in children 1 -4. Quinn T. Ostrom: Alex's Lemonade Stand Foundation Infant and Childhood Primary Brain x18 † Medulloblastomas were most common in children ages 1 -4 (0.63 per 100,000), though incidence was similar in children 5 -9 (0.59 per 100,000). † Pituitary tumors increase in incidence with age and were most common in children ages 10-14.
Number of Estimated New Cases for 2015 And 2016
The estimated number of cases of all primary brain and CNS tumors for 2015 and 2016 by histology and age are shown in Table 9 . † For 2015, the total estimated new cases in children 0 -14 years is 3,420. † For 2016, the total estimated new cases in children 0 -14 years is 3,440.
Mortality Rates by Region of the United States and Age Group
Mortality rates due to malignant brain and CNS tumor varied by age group, with the highest mortality occurring in children 5 -9 years (0.90 per 100,000) at time of death (Figure 11 ), and the lowest mortality rates in infants (,1 year at time of death) (0.32 per 100,000). Average annual age-adjusted mortality rates by region of the United States are presented in Figure 12 . The highest mortality was in the West North Central region (0.75 per 100,000, 95% CI: 0.63-0.87), and the lowest mortality rate was in New England (0.58 per 100,000, 95% CI: 0.46-0.73).
Relative Survival by Site
Relative survival after diagnosis with a brain and CNS tumor varies by site. One-year, two-year, five-year, and ten-year survival rates by site are presented in Table 10 . † Brain stem tumors had lower relative survival than tumors diagnosed at any other location, with one-and ten-year survival of 69.2% and 45.6%, respectively. † Tumors of the cranial nerve had the highest survival rates, with 99.9% one-year and 97.8% ten-year survival. 
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For most sites, relative survival after diagnosis has improved over time, and these data are presented in Table 11 . 
Relative Survival by Histologic Group
Relative survival after diagnosis with primary brain and CNS tumor varies by histologic type of tumor, and is presented in Table 12 . † ATRT and high grade glioma were the histologic groups with the lowest relative survival after diagnosis. ATRT had one-, five-, and ten-year survival of 48.1%, 27.5%, and 26.0%, respectively. High grade glioma had one-, five-, and ten-year survival of 55.6%, 28.4%, and 25.7%, respectively. † Pilocytic astrocytoma and other low grade glioma had some of the highest survival rates after diagnosis. Ten-year survival with these tumors was 95.9% and 84.6%, respectively.
For most histologies, relative survival after diagnosis has improved over time, and these data are presented in Table 13 . 
Relative Survival by Age Group and Histologic Group
Relative survival rates generally improved with increasing age at diagnosis. One-year, two-year, five-year, and ten-year relative survival rates by histologic group and age groups are presented in Table 14 . † Overall, survival was better in older children. Though there was not much difference in relative survival between children ages 1 -4 and 5 -9 years, differences could be seen in histologies that depend on treatment with radiation such as medulloblastoma and PNET. † Though infants generally had poor survival, the long-term survival of infants with high grade gliomas was higher than children of other ages, with a ten-year survival of 54.1%. † Five-year survival in children 10 -14 years was 79.2% for all brain tumors, as compared to infants where five-year survival was 55.3%. † For embryonal tumors, infants (,1 year old) had one-year survival of 52.8%, whereas those 10 -14 years had relative survival of 92.2%.
Distribution of Deaths due to Selected Histologic Groups and Site
Between 2007 and 2011, there were 734 total deaths in children ages 0 -14 due to primary malignant brain tumors between 1995 a The cohort analysis of survival rates was utilized for calculating the survival estimates presented in this table. Long-term cohort-based survival estimates reflect the survival experience of individuals diagnosed over the time period, and they may not necessarily reflect the long-term survival outlook of newly diagnosed cases. Figure 13a , and the distribution of these by site is presented in Figure 13b . † High grade gliomas were the cause of the greatest proportion of deaths (43.8%), followed by medulloblastoma (14.3%) and ATRT (9.8%). † Brain stem tumors were the cause of the greatest proportion of deaths (37.9%), followed by cerebellar tumors (16.6%).
Five-Year Conditional Survival after Diagnosis by Selected Histologic Groups
Relative survival provides data on cancer prognosis that is useful at a population level, but these numbers may not be informative for individual patients. In the case of individuals that have already survived a year, or several years after diagnosis with their brain tumor, conditional survival estimates provide information about the likelihood that they will survive into the next period of time.
Five-year conditional survival estimates for selected glioma and embryonal sub-types are presented in Figure 14 . Five-year conditional survival estimates by age groups for selected brain and CNS tumor subtypes are also presented in Table 15 . † At the time of diagnosis with a high grade glioma, there is a 28.1% probability that a child will live five additional years. For children that have already survived two years after diagnosis, there is an 80.0% chance that they will reach five years of survival. † At the time of diagnosis with an ATRT, there is a 27.4% probability that a child will live five additional years. For children that have already survived one year after diagnosis, there is a 54.3% chance that they will reach five years of survival.
Descriptive Summary of Gliomas, and Embryonal Tumors
The Gliomas † Gliomas are the most common histology group of primary brain and CNS tumor in children 0 -14 years (Table 3) . † Gliomas account for 52.9% of all primary brain and CNS tumors in children 0 -14 years ( Figure 9 ). † Pilocytic astrocytoma represent 33.2% of gliomas, followed by other low grade gliomas (27.1%), high grade gliomas (21.0%), and ependymal tumors (10.4%) ( Figure 9 ). † Incidence of gliomas is highest in New England (3.19 per 100,000), and Middle Atlantic (3.06 per 100,000) ( Figure 15 ). † Site of tumor varies by age and specific glioma histology.
For infants, other low grade gliomas occur most frequently supratentorially (cerebrum, frontal, occipital, temporal, parietal and occipital lobes) and in other nervous system (including the optic nerve). In children 1 -4 years, high grade gliomas occur more often in the brain stem ( Figure 16 ). (Table 3) . † Embryonal tumors account for 15.0% of all primary brain and CNS tumors in children 0 -14 years ( Figure 9 ). † Medulloblastomas represent 61.9% of all embryonal tumors, followed by atypical teratoid/rhabdoid tumors (ATRT) (15.0%), primitive neuroectodermal tumors (PNET) (14.9%) ( Figure 9 ). † Incidence of embryonal tumors is highest in New England (0.85 per 100,000), South Atlantic (0.84 per 100,000), and East North Central (0.81 pre 100,000) (Figure 17 ). The histologic grouping scheme used in this report represents a re-organization from that used in the CBTRUS Statistical Report: Primary Brain and Central Nervous System Tumors Diagnosed in the United States in 2007 -2011 2 in order to better reflect the histologies that are particularly relevant to infant and childhood brain tumors. Comparison of the statistics presented in this report to those included in the overall CBTRUS Report has been affected and may be difficult. Furthermore, the grouping scheme and definition of primary brain tumors used in this report differs from those used by other cancer surveillance organizations. This report includes both malignant and non-malignant tumors, and hematopoietic tumors of the CNS. Other reporting agencies may chose not to include hematopoietic neoplasms, and non-malignant brain and CNS tumors. Additionally many other organizations use the ICCC grouping scheme to report on childhood brain tumor incidence and mortality. In light of these differences, caution should be used if attempting to compare the statistics included in this report to those presented by other organizations. All analyses were undertaken with the overall intention to present meaningful and relevant statistical information to the communities working with infant and childhood brain and CNS tumors.
Strengths and Limitations
Registration of individual cases is conducted by cancer registrars at the institution where diagnosis occurs and is then transmitted to the central registry, which further transmits this information to NPCR or SEER. Central cancer registries (both NPCR and SEER) only report cases to the CDC and NCI for persons that are residents of that particular state, so duplicate records should not occur for persons that may have traveled across state lines for treatment. No mechanism exists for central pathology review of cases, and registration is based on histology information contained in the patient's medical record.
The SEER 18 population dataset used for the survival analyses is a subset of the larger CBTRUS dataset and only covers approximately 26% of the US population as compared to the 99.8% population coverage of the larger dataset. 4 Survival estimates obtained from this dataset may be less reliable as representations of 'real' relative survival rates for the US than if they were based on data from a larger portion of the population.
Concluding Comment
The CBTRUS Statistical Report: Alex's Lemonade Stand Foundation Infant and Childhood Primary Brain and Central Nervous System Tumors Diagnosed in the United States in 2007 -2011 comprehensively describes the current population-based incidence of primary malignant and non-malignant brain and CNS tumors in children ages 0 -14 years, collected and reported by central cancer registries covering approximately 99.8% of the United States population (for 2011 only, data were available for 50 out of 51 registries). Overall, brain and CNS tumors are the most common solid tumor, the most common cancer, and the most common cause of cancer death in infants and children 0 -14 years. This report aims to serve as a useful resource for researchers, clinicians, patients, and families. 
